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(54) Constructive body and friction stir welding method 



(57) A friction, stir welding method where a welding 
of member is performed to restrain a generation of a 
clearance of a joint portion by the welding and to provide 
a joint member having a good joining portion. Abutting 
faces of a joining portion of members 10 and 11 are 
formed with slanting surfaces 12. A friction stir welding 
is carried out from an upper portion. The welding is car- 



ried out to position the slanting surfaces 1 2 by connect- 
ing or approaching a welding bead 30. Since the slanting 
surfaces 1 2 are provided, a f low-out of the member can 
be restrained, and further a bend of the joining portion 
can be restrained. Further, a tab is arranged at a begin- 
ning end and a finish end of the welding and then the 
welding is carried out. 
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Description 

The present invention relates to a friction stir weld- 
ing method and relates to a joint shape member and a 
welding method the same. For example, the present in- 
vention relates to a friction stir welding suitable for use 
in an aluminum alloy member which is employed for use 
a car body of a railway car and a constructive body etc.. 

A friction stir welding method is a method in which 
by rotating a round-shape rod (herein after it is called 
as a rotary body) inserted in a joining region and further 
moving the rotary body along to a joining line, the joining 
portion is heated, and the material is softened and plas- 
tically flown and thus the material is solid-phase joined. 

The rotary body comprises a small diameter portion 
which is inserted in the joining portion and a large diam- 
eter portion which is positioned outside the small diam- 
eter portion. The small diameter portion and the large 
diameter portion are positioned on the same axis. A side 
of the large diameter portion is rotated. A boundary por- 
tion between the small diameter portion and the large 
diameter portion can be inserted a little into the joining 
region. 

A joining according to the friction stir welding meth- 
od can be applied to an abutting portion and an overlap- 
ping portion. The above stated technique is disclosed, 
for example, in Japanese patent announcement laid- 
open publication No. 505090 (EP 0615480 B1) and 
"Welding & Metal Fabrication (January 1995), pages 
13-1 4 and 16. 

Japanese patent laid-open publication No. Hei 
9-309164 (laid-open date: December 2, 1997) (EP 
0797043 A2 (laid-open date: September 24, 1997) re- 
lates to a friction stir welding method about a hollow 
shape member and discloses as a center a rib for con- 
necting two face sheets the friction stir welding is carried 
out. 

Further, a concave portion is provided on the face 
sheet of a joining portion. Further, this Japanese patent 
laid-open publication is laid-opened after a first applica- 
tion (Japanese patent application No. Hei 9-1 96761 (ap- 
plication date: July 23, 1 997) of the present application. 

In the friction stir welding method, since the rotary 
body as a joining tool is inserted to a welding member 
to be subjected, a large force works to the welding mem- 
ber to be subjected. On the country to this, in a conven- 
tional arc melting welding method, since a welding por- 
tion is fused and welded, the force such as during the 
friction welding working does not generates. 

For this reason, in a case the friction stir welding 
method is applied to an I type joint shape member for 
use in the conventional arc melting method, since a 
clearance occurs on the joint shape members, accord- 
ingly a good welding can not be obtained. 

The above facts will be explained concretely using 
from Fig. 18 to Fig. 20. Two members 310 and 311 to 
be welded (for example, aluminum alloys) have a sub- 
stantially same thickness of a joining portion and are 



placed in parallel each other and further have vertical 
abutting faces 31 3. Under a condition to which the abut- 
ting faces 31 3 are contacted each other, and further un- 
der a condition in which the two members 310 and 311 

5 are fixed to a bed stand 40, the friction stir welding meth- 
od is carried out. 

By rotating a rotary body 20 as a joining use tool 
comprised of a round shape rod having a concave 
shape small diameter portion 21 at a lower end, the con- 

w cave shape small diameter portion 21 is inserted to joint 
shape members, at this condition the rotary body 20 is 
moved along to an abutting portion of the two members 
310 and 311 and then the two members 310 and 311 
are welded. 

is A substantially flat boundary portion 20b formed be- 
tween the small diameter portion 21 and a large diam- 
eter portion 20a is positioned a little toward a lower por- 
tion from upper portions of the two members 310 and 
311. Since a length of the small diameter portion 21 is 

20 smaller than the thickness of the two members 310 and 
311 , the welding is carried out only on upper face sides 
of the two members 310 and 311 . Namely, a non-pene- 
tration type friction stir welding method is carried out. 
In Fig. 19, a vicinity of the rotary body 20 presents 

25 a plastic flow condition. A plastic flow body at a plastic 
flow area 30 is tried to discharge to a surface but a move 
in the most part is restrained by the boundary portion 
20b. 

As a result, to the abutting face 31 3 of the two mem- 

30 bers 310 and 311 a downward direction and a lateral 
direction force works. Accordingly, the plastic flow body 
of the plastic flow area 30 is pushed out toward a lower 
portion from between the abutting faces 313 and 313, 
and then a clearance between the abutting faces 31 3 

35 and 313 is enlarged. 

As a result, as shown in Fig. 20, the plastic flow body 
31 is flown out toward the lower portion of the plastic 
flow area 30 and an enlarged clearance 313s is gener- 
ated at the lower portion. Further, a volume part of the 

to plastic flow body 31 which is flown out toward the plastic 
flow area 30 is insufficient, voids 380 for forming a defect 
generate on the plastic flow area 30. Therefore, a nor- 
mal welding can not carried out. Further, the plastic flow 
area shows a substantial a welding bead 30. 

45 The inventors of the present invention discovered 
the above stated phenomenon through various experi- 
mentation. In the above stated the non-penetration I 
type joint shape members, in a case where a clearance 
formed between the abutting faces 31 3 and 31 3 before 

50 the welding is more than 0.2 mm, they found out that a 
good welding can not carried out. 

Further, the friction stir welding is carried out by set- 
ting forth a premise that the clearance formed between 
the abutting faces 313 and 313 is extremely small as 

55 stated in the above. A large scale constructive body, 
such as a car body of a railway car, in a case where the 
friction stir welding is carried on extruded frame mem- 
bers having about 25 m, a clearance becomes larger 
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due to an accuracy of the extruded frame member, as 
a result it is difficult to carry out the welding. 

Further, in a case where the welding is carried out 
on hollow shape members, a face sheet is dented, 
therefore it is impossible to carry out a good welding. 
Further, at a start point of the welding, it is difficult to 
carry out a good welding. Further, at a finish point of the 
welding, also it is difficult to carry out a good welding. 

A first preferred object of the present invention is to 
obtain a good friction stir welding. 

A second preferred object of the present invention 
is to weld suitably a member such as a hollow shape 
member. 

A third preferred object of the present invention is 
to obtain a light weight structure of a member such as 
a hollow shape member. 

A fourth preferred object of the present invention is 
to carry out a good welding at a start point and a finish 
point of the welding. 

To address the above stated first object, the inven- 
tion provides a method comprising providing a slanting 
surface on an abutting face for welding two members 
and by welding a vicinity of said slanting surface using 
a friction stir welding method. 

To address the above stated second object, the in- 
vention provides a method comprising providing a V 
shape projecting portion at an end portion of one of hol- 
low shape members and by providing a dent portion to 
which said projecting portion is entered at another of the 
hollow shape members. 

To address the above stated third object, the inven- 
tion provides a method comprising friction stir welding 
using a rotary body which has a diameter larger than a 
space formed between a rib for connecting two face 
sheets of one of hollow shape members and a rib for 
connecting said two face sheets of another of said hol- 
low shape members. 

To address the above stated fourth object, the in- 
vention provides a method comprising arranging a tab 
at a start point and a finish point of welding and by weld- 
ing a constructive body including said tab. 

Fig. 1 is a longitudinal cross-sectional view showing 
one embodiment of a friction stir welding joint mem- 
ber according to the present invention; 
Fig. 2 is a longitudinal cross-sectional view showing 
the joint member after the friction stir welding in Fig. 
1; 

Fig. 3 is a longitudinal cross-sectional view showing 
another embodiment of a friction stir welding joint 
member according to the present invention; 
Fig. 4 is a longitudinal cross-sectional view showing 
the joint member after the friction stir welding in Fig. 
3; 

Fig. 5 is a longitudinal cross-sectional view showing 
a further embodiment of a friction stir welding joint 
member according to the present invention; 
Fig. 6 is a longitudinal cross-sectional view showing 



a further embodiment of a friction stir welding joint 
member according to the present invention; 
Fig. 7 is a longitudinal cross-sectional view showing 
a further embodiment of a friction stir welding joint 
5 member according to the present invention; 

Fig. 8 is a longitudinal cross-sectional view showing 
a further embodiment of a friction stir welding joint 
member according to the present invention; 
Fig. 9 is a longitudinal cross-sectional view showing 
the joint member after the friction stir welding in Fig. 
8; 

Fig. 10 is a squint view showing one embodiment 
of a car body of a railway car in which the present 
invention is adopted; 

Fig. 11 is a longitudinal cross-sectional view show- 
ing a further embodiment of a friction stir welding 
joint member before a welding according to the 
present invention; 

Fig. 1 2 is a longitudinal cross-sectional view show- 
ing an essential portion of the joint member before 
a welding according to the present invention; 
Fig. 13 is a longitudinal cross-sectional view show- 
ing a further embodiment of a friction stir welding 
joint member before a welding according to the 
present invention; 

Fig. 14 is a longitudinal cross-sectional view show- 
ing a further embodiment of a friction stir welding 
joint member before a welding according to the 
present invention; 

Fig. 15 is a longitudinal cross-sectional view show- 
ing a further embodiment of a friction stir welding 
joint member before a welding according to the 
present invention; 

Fig. 16 is a plan view showing one embodiment of 
a joint member during a friction stir welding accord- 
ing to the present invention; 
Fig. 1 7 is an enlargement view showing an essential 
portion of the joint member in Fig. 16; 
Fig. 1 8 is a longitudinal cross-sectional view show- 
ing a friction stir welding joint member in a compar- 
ison example; 

Fig. 1 9 is a longitudinal cross-sectional view show- 
ing the joint member during a friction stir welding in 
Fig. 18; 

Fig. 20 is a longitudinal cross-sectional view show- 
ing the joint member after the friction stir welding in 
Fig. 18; and 

Fig. 21 is a longitudinal cross-sectional view show- 
ing the joint member after the friction stir welding in 
the comparison example. 

Embodiments of the present invention will be ex- 
plained referring to from Fig. 1 to Fig. 10. From Fig. 1 to 
Fig. 7 show a basic construction. A material for each of 
metal members 10 and 11 as a member to be welded is 
an aluminum alloy, for example. Each of the metal mem- 
ber can be applied to a car body of a railway car shown 
in from Fig. 8 to Fig. 10. 
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The embodiment shown in Fig. 1 and Fig. 2 will be 
explained. Slanting surfaces 12 are provided on all fac- 
es of an abutting face of the members 10 and 11 (for 
example, an aluminum alloy) to be welded. At an abut- 
ting portion of upper face sides of the members 10 and 
11, a center of a small diameter portion 21 of a rotary 
body 20 is positiohed. 

The rotary body 20 provides the small diameter por- 
tion having a small diameter 21 at a tip end a round- 
shape rod having a large diameter. The welding is car- 
ried out by rotating the rotary body 20 the rotary body 
20 is inserted to the members 10 and 11 and the rotary 
body 20 is moved along to a joining line. 

A boundary portion 20b formed between the large 
diameter portion 20a and the small diameter portion 21 
of the rotary body 20 is indented toward a large diameter 
portion 20a side and has a circular arc shape. The small 
diameter portion 21 is formed with a screw member. 
During a welding working, as to an axis center of the 
rotary body 20, the large diameter portion 20a side is 
inclined backward against to a moving direction of the 
rotary body 20. 

As a result, a back end of the boundary portion 20 
is entered to the members 10 and 11 but a front end 
thereof is positioned at upper portions of the members 

10 and 11 . The above stated "back end" and "front end" 
etc. are standardized the moving direction of the rotary 
body 20. A tip end of the small diameter portion 21 does 
not penetrate the members 10 and 11 . 

So at to carrying out the welding, the members 10 
and 11 are pushed down and restricted from an upper 
portion to a bed stand 40 by a vise or an apparatus. An 
interval in a horizontal direction of the members 10 and 

1 1 is made small and the slanting surfaces are contact- 
ed or a clearance between the abutting faces are made 
small as possible. 

The contact of the slant spaces 1 2 is carried out by 
pressing against the member 1 0 toward for the member 
1 1 (in Fig. 1 , a left and right direction). During the welding 
working, a left side and a right side of the rotary body 
20 are pressed against the bed stand 40 from the upper 
portion. 

Since the slanting surfaces 12 are substantially 
contacted, a flow of a plastic flow body for flowing out 
to a lower portion can be restrained. As a result, a gen- 
eration of a clearance according to the flow-out of the 
member can be restrained and it is possible to carry out 
a good friction stir welding as shown in Fig. 2. Reference 
numeral 30 denotes a welding bead according to the 
friction stir welding. A configuration of the welding bead 
30 shown in Fig. 2 is expressed schematically. 

A welding bead 30 portion of the upper portion side 
member 10 is supported by the slanting surface 12 of 
the lower portion side member 1 1 . As a result, the mem- 
ber 1 0 at a vicinity of the welding bead 30 does not bend 
by a large vertical force which is acted on the friction stir 
welding working. .This will be understood easily by re- 
moving the slanting surface 12 from the member 11. 



Further, since the slanting surface 12 is provided, 
the member 11 can not be positioned at the upper por- 
tion against the member 10, accordingly a slip-off of an 
upper face height can be lessened. In particularly to, in 
s a case where the slanting surfaces 12 of the members 
10 and 11 are contacted, a large effect can be expected. 

With the above stated construction, for example, 
even a case where the clearance of the abutting faces 
before the welding is more than 0.2 mm, the good weld- 
io ing can be carried out. A constructive body is formed by 
welding the two members 10 and 11 . 

The slanting surface 1 2 may be formed with a linear 
line or a circular arc having a concave portion a little at 
the upper portion. The welding of the lower portion side 
15 of the abutting faces is carried out by reversing the mem- 
bers or using a construction shown in an embodiment 
in Fig. 5. 

In an embodiment shown in Fig. 3 and Fig. 4, an 
abutting face of a joining portion of the members 1 0 and 

20 11 according to the friction stir welding is formed with a 
vertical face 13 and a lower portion of the vertical face 
is formed with the slanting surface 1 2. At least the slant- 
ing surface 12 is provided at a lower portion from the 
welding bead 30. 

25 The slanting surface 12 is desirable to contact to 
the welding bead 30. The vertical face 1 3 is orthogonal 
to outer faces of the upper portions of the members 1 0 
and 11. Further, at an upper portion of the vertical face 
13, projecting portions 14 are projected, such a project- 

30 ing portion is projected the outside portion (in Fig. 3, an 
upper portion) from the outer faces of the members 10 
and 11. 

The shape of the projecting portion 1 4 has a trape- 
zoidal shape as shown in Fig. 3 when the two projecting 

35 portions 14 and 14 are abutted. During the welding, the 
boundary portion 20b is positioned at an outside portion 
from the outer face of a non -projecting portion of the 
members 10 and 11. Namely the boundary portion 20b 
is positioned between an apex of the projecting portion 

^0 1 4 and the non-projecting portion, namely the boundary 
portion is positioned in the projecting portion 14. 

A front end of the moving direction of the rotary body 
20 is positioned at an upper portion from upper faces of 
the projecting portions 14 and 14. A tip end (in Fig. 3, a 

45 lower end) of the small diameter portion 21 is positioned 
at an upper end of the slanting surface 12. h 2 ^ h v 

With the above stated construction, compared with 
the case of Fig. 1 , since the welding portion (the welding 
bead 30) is the vertical face, the welding portion can be 

50 formed symmetrically with the small diameter portion 21 
at a center. 

Further, even in a case where the clearance formed 
between the members 10 and 11 is made large, since 
the projecting portions 14 and 14 are provided, the 
55 member which is presented to the plastic fluid in the pro- 
jecting portions 14 and 14 flows out to the clearance of 
the vertical faces 13. As a result, no empty voids occur 
in the welding bead 30. 
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In a case where the end portions of the member 10 
and 1 1 are abutted, a size control is carried out even the 
vertical faces 13 and 13 are not contacted each other, 
in which the slanting surfaces 12 and 1 2 are to be con- 
tacted each other or to be approached each other. 

Further, during the welding working, a height posi- 
tion of the boundary portion 20b of the small diameter 
portion 21 and the large diameter portion 20a of the ro- 
tary body 20 is positioned at a range of a height h3. 
Namely, a center of the projecting portion 14 is posi- 
tioned in the vertical face 13. A width L1 of the upper 
ends of the two projecting portions 14 and 14 is larger 
than the diameter of the large diameter portion 20a of 
the rotary body 20. 

This is considered in a case where the position of 
the small diameter portion 21 is slipped off against the 
vertical face. After the friction stir welding working is car- 
ried out, the projecting portions 14 and 14 which form 
the outer sides of the car body of the railway car are cut 
off. Since the height position of the boundary portion 20b 
of the rotary body 20 is positioned in the projecting por- 
tion 14 as stated in the above, there is a cutting size. 

As a result, when the projecting portions 14 and 14 
are cut off, there becomes a plane face but there is no 
dent portion. Accordingly, a projecting portion 14 side is 
desirable to arrange the outer side of the car body. 

By the rotary body 20, the metals of the projecting 
portions 14 and 14 are moved to the clearance of the 
vertical faces 1 3 and 1 3 and the clearance is buried. As 
a result, the inventors confirmed cleanly that a tolerance 
value of the clearance of the vertical faces 1 3 and 1 3 
before the welding can be enlarged about 1 mm by the 
experimentation about the aluminum alloy member. 

During the welding working, even when the position 
of the lower end of the small diameter 21 portion is po- 
sitioned at the vertical face 13 which exists a little the 
upper portion from interconnection portion between the 
slanting surface 1 2 and the vertical face 1 3 of the abut- 
ting faces of the members 10 and 11, a good welding 
can be carried out. 

In an embodiment shown in Fig. 5, the first stir weld- 
ing is carried out simultaneously to the members 1 0 and 
1 1 of the embodiment shown in Fig. 1 from both the up- 
per face and the lower face. At an abutting face of upper 
face side of the members 1 0 and 1 1 , a center of the small 
diameter portion 21 of an upper portion rotary body 20 
is positioned. 

At an abutting face of a lower face side of the mem- 
bers 10 and 11, a center of the small diameter portion 
21 of a lower portion rotary body 20 is positioned. The 
small diameter portion 21 of the lower portion rotary 
body 20 is directed for the upper portion. Under a con- 
dition in which the positions in the moving directions of 
the two rotary bodies 20 and 20 are the same position, 
the two rotary bodies 20 and 20 are moved at the same 
speed, and the friction stir welding is carried out. 

Namely, an operation point of a load (a force for in- 
serting the rotary body 20 to the member) according to 



the upper portion rotary body 20 and an operation point 
of a load according to the lower portion rotary body 20 
are made to not separate largely. Therefore, the bends 
of the members 10 and 11 are prevented. No bed stand 
5 400 exits at a periphery of the lower portion rotary body 
20. A bed stand 40 is positioned toward the vertical di- 
rection of the upper portion rotary body 20. 

In the welding at the lower portion, since the joining 
portion of the member 1 1 is supported through the slant- 
10 ing surface of the member 11, the bend of this portion 
can be restrained. 

In an embodiment shown in Fig. 6, the abutting fac- 
es of the upper face side and the lower face side of the 
members 10 and 1 1 are formed by the vertical faces 1 3 
15 and 1 3. In the vertical direction of the upper portion ver- 
tical face 1 3, the lower portion vertical face 1 3 does not 
exist. Between both vertical faces is connected by a 
slanting surface 12. 

In an embodiment shown in Fig. 7, the abutting fac- 
es of the upper face side and the lower face side of the 
members 10 and 11 are formed with vertical faces 13 
and 1 3. The lower portion verticals faces 1 3 and 1 3 are 
existed on an extension line of the upper portion vertical 
faces 1 3 and 1 3. 

The abutting faces between the upper and lower 
vertical faces 1 3 and 1 3 are formed with V shape slant- 
ing surfaces 12 and 12. An end portion of the member 
11 is formed with V shape concave portion and an end 
portion of the member 10 is formed with V shape dent 
portion. 

In a case where the end portions of the members 
10 and 11 are abutted, the dimension control is carried 
out even when the vertical faces are not contacted each 
other, the slanting surfaces 12 and 12 are contacted 
each other or approached each other. For example, an 
interval of the slanting surfaces 12 and 12 of the dent 
portion is set to be smaller than an interval of the slanting 
surfaces 12 and 12 of the concave portion. 

With the above stated construction, since the lower 
portion rotary body 20 is substantially positioned at the 
lower portion of the upper portion rotary body 20, the 
bends of the members 10 and 11 can be lessened fur- 
ther. Further, by the provision of V shape slanting sur- 
faces 12, the slip-off toward the upper and the lower di- 
rections of the members 10 and 11 can be prevented. 
As a result, a good friction stir welding can be obtained. 

Further, the bottom portion of the V shape dent por- 
tion of the member 10 and the apex portion of the V 
shape concave portion of the member 11 are not pro- 
vided but a trapezoid shape structure is formed. Further, 
a clearance 16 is provided between the vertical faces 
1 5 and 1 5 of the members 1 0 and 1 1 . With this construc- 
tion, the contact between the upper and the lower ver- 
tical faces 1 3 and 1 3 are formed easily. 

By the provision of the slanting surfaces 12 of the 
members 10 and 11, the flow-out of the metals during 
the friction stir welding can be prevented. As shown in 
Fig. 21, as a construction corresponding to the slanting 
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surfaces 12, it is considered that faces 345 and 346 are 
provided to be parallel to the outer faces of members 
340 and 341 and by these faces the flow-out of the met- 
als is prevented. 

However, it is necessary to make an interval be- 5 
tween the faces 345 and 356 of the member 340 larger 
than an interval between the faces 356 and 356 of the 
member 341 . A clearance is formed between the faces 
345 and the faces 356. As a result, the plastic flow body 
is flown out to this clearance and the defect is easily to 10 
occur. Or, flanges 343 and 343 of the member 340 are 
formed to bend toward an inner side. 

In a case where the projecting portion 1 4 is not pro- 
vided, the bend can be seen. In a case where the pro- 
jecting portion 14 is provided, it is necessary to make is 
the projecting portion 14 large under the consideration 
of the above stated clearance and it becomes high cost. 
In the embodiment shown in Fig. 7, in a case where the 
interval between the members 10 and 11 is made re- 
mote, the similar thing may occur, but since the slanting 20 
surfaces are provided, it is made to strengthen from a 
strength aspect, and as a result the bend of the end por- 
tion of the member 10 becomes to be lessened. 

As stated in the above, in the frame member of Fig. 
1 2, next two clearances are easily to occur. One of the 2s 
two clearances is a clearance between the faces 345 
and 356. Another of the two clearances is clearance be- 
tween a tip end (a vertical face) of the flange 343 and a 
joining face (a vertical face) of the shape member 341 . 
These two clearances give a big affect to the friction stir 30 
welding. 

This is taken out under the consideration, in partic- 
ularly in the embodiment shown in from Fig. 7 to Fig. 1 3. 
Namely, since the slanting surfaces 1 2 are made to con- 
tact, the clearance is only the clearance of the vertical 35 
face 13, as a result the welding condition can be made 
good one. 

In an embodiment shown in from Fig. 8 to Fig. 15, 
an application example for the car body of the railway 
car is shown. In Fig. 10, the car body of the railway car 40 
is constituted by a side constructive body 50 which con- 
stitutes a side face of the car body, an upper face roof 
constructive body 51 , a lower face floor constructive 
body 52, and an end portion at a longitudinal direction 
end constructive body 53. 45 

The side constructive body 50 is constituted that by 
arranging in parallel plural extruded frame members 60 
and 70 and by welding an abutting portion those accord- 
ing to the friction stir welding working. Each of the roof 
constructive body 51 and the floor constructive body 52 so 
is constituted similarly to the side constructive body 50. 

The welding between the side constructive body 50 
and the roof constructive body 51 and the welding be- 
tween the side constructive body 50 and the floor con- 
structive body 51 are carried out using an MIG (metal ss 
electrode inert gas) welding, etc. 

In Fig. 8 and Fig. 9, the extruded frame members 
60 and 70 are corresponded to the members 10 and 11 



of the embodiment shown in from Fig. 1 to Fig. 7, re- 
spectively. 

The extruded frame members 60 and 70 are com- 
prised of faces plates 61 and 71 which constitute the 
outer face of the car body, plural ribs 62, 63 and 72, 73 
at a car inner side, and face sheets 65, 66 and 75, 76 
which are provided of tip portions of the ribs. Plural ribs 
63 and 73 and plural face sheets 66 and 76 are provided 
along to a width direction of the extruded frame mem- 
bers 60 and 70. To the face sheets 65, 66 and 75, 76, a 
post (in a case of the side constructive body 50, not 
shown), a rafter (in a case of the roof constructive body 
51 , not shown), a lateral beam (in a case of the floor 
constructive body 52, not shown), and installing seats 
for various components are welded. 

The configuration of the joint shape member is sub- 
stantially similarly to that of Fig. 7. Similarly to the em- 
bodiment shown in Fig. 7, the friction stir welding is car- 
ried out simultaneously to both upper and lower faces. 

A roller (not shown) for supporting the upper portion 
rotary body 20 is mounted on the face sheets 65 and 
75. One end of the frame member 60 has a concave 
trapezoid shape and one end of the frame member 70 
has a dent trapezoid shape. Another end of the frame 
member 60 has the shape of the above stated one end 
frame member 70 or the shape of the above stated one 
end of the frame member 60. The two frame members 
are able to be assembled. 

The extrude frame members 60 and 70 have two- 
plane structures as stated in the above. One of the 
planes are the face sheets 61 and 71 and another of the 
planes are face sheets 65, 66 and 75 and 76. Against 
to the above stated two-plane structure, in a case where 
the friction stir welding working is carried out from the 
outer side, it is considered that the face sheets of the 
joining portion are bent toward for the another face 
sheets side according to the above stated vertical load 
during the welding. 

However, in the joint members shown in Fig. 8, 
since the end portion of the extruded frame member 60 
has the rib 62 and the friction stir welding is carried out 
to the upper portion and the lower portion of this end 
portion, as a result the bends do not occur on the joining 
portion of the frame members 60 and 70. Namely, the 
rib 62 can works a support member for receiving the ver- 
tical load during the friction stir welding. Namely, the rib 
62 is existed on a line for connecting the vertical faces 
13 and 13. 

On the other hand, since the frame member 70 is 
mounted on the slanting surface of rib 62 and further the 
rib 72 is existed at a vicinity of the joining portion, the 
bend doe not occur to the joining portion of the frame 
member 70. This facts will be understood by comparing 
with a structure shown in Fig. 19. 

Namely, the vertical faces 1 3 and 1 3 are existed on 
a range of an extension line of the plate thickness of the 
rib 62. In the above stated range, at least parts of the 
welding beads 30 and 30 are positioned. 
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The above stated joint shape member can be ap- 
plied to a hollow extruded frame member to which the 
face sheets 65, 66 (75, 76, 77) are connected. 

After the manufacture of the side constructive body 
50, the projecting portion 1 4 is cut off, and the outer face 
is made to a flat smooth structure. It is not always nec- 
essarily to carry out the cut off of the projecting portion 
in the car inner side. After that a finishing may be carried 
out through a painting finish, but it will be explained in a 
case where the painting finish is not carried out. 

After that, a hair line finish, or a transparent painting 
finish is carried out. Since the friction stir welding is car- 
ried out, the joining portion can not confirmed through a 
visual observation in comparison with MIG welding. As 
a result, a texture can be appeared but it can be obtained 
a good show of the side constructive body. It can be ob- 
tained by a low cost. 

The welding portions of the side constructive body 
50, the roof constructive body 51 , the floor constructive 
body 52, and the end constructive body 53 are posi- 
tioned at a position difficult to see in the side constructive 
side. 

A joint of one extruded frame member of the two- 
plane constructive body will be explained referring to 
Fig. 11 and Fig. 12. An extruded frame member 100 
(110) comprises substantially parallel two face sheets 
101 and 102 (111 and 112), plural ribs 103 and 106 (113 
and 1 1 6) for connecting the two face sheets, a projecting 
portion 104 (114) which is projected toward a thickness 
directions of the frame members 110 and 110 in an end 
portion of a joining portion, and projecting parts 117 and 
117 which are projected toward the opposing frame 
member 110 from the end portion rib 106. 

The plural ribs 103 and 113 are provided along to a 
width direction of the frame members 100 and 110. The 
rib 103 (113) is provided to incline against the face 
sheets 101 and 102 (111 and 112). The rib 106 (116) is 
provided to be orthogonal to the face sheets 101 and 
102(111 and 112). Each of reference numerals 109 and 
1 1 9 denotes a hollow portion. 

On the end portions of the frame members 100 and 
110, vertical faces 121 and slanting surfaces 122 are 
provided. The vertical faces 121 are positioned at the 
end portions of the face sheets 101, 102 and 111,112. 
The slanting surface 122 of the frame member 110 is 
positioned at a face of the face sheet side of the project- 
ing part 1 1 7. The slanting surface 1 22 of the frame mem- 
ber 110 is positioned at a dent portion which receives 
the projecting part 117. The slanting surface 122 is in- 
clined from a position in which the vertical face 121 is 
entered to the thickness direction of the frame member. 

The projecting part 1 1 7 is projected toward an outer 
portion (the frame member 100 side) in the width direc- 
tion of the frame member 100. The projecting portions 
104 and 114 are positioned at the end portions of the 
respective face sheets 101, 102 and 111, 112. 

The rib 116 of the frame member 110 is positioned 
at the extension line of the joining portion. On the as- 



sumption that the axial center of the rotary body 20 is 
positioned on the extension line of a plate thickness 
center of the rib 116. The vertical faces 121 of the frame 
member 110 are positioned a little a center side of the 
5 width direction of the frame member 110 from the plate 
thickness center of the rib 116. 

The two vertical faces 121 are existed within a 
range of the extension line of the plate thickness of the 
rib 1 1 6. The plate thickness of the rib 1 1 6 is thicker than 
the plate thickness of the rib 106. 

In a case where by assembling the frame members 
1 00 and 1 1 0, the slanting surfaces 1 22 and 1 22 are con- 
tacted, some clearance between the vertical face 121 
of the frame member 100 and the vertical face 121 of 
the frame member 110 is formed. For example, an in- 
terval between the slanting surfaces 1 22 and 1 22 of the 
dent portion is provided to be smaller than an interval 
between the slanting surfaces 121 and 121 of the con- 
cave portion. Or the clearance of the slanting surfaces 
122 is provided to be small. 

Since the rib 106 is provided on the frame member 
100, the thickness of the projecting portion 104 and the 
slanting surface 122 can be improved in the accuracy 
and manufactured easily at the end portions. 

Since at the connecting portion between the slant- 
ing surface 122 and the rib 106 of the frame member 
100 since a dent portion which is dented from the ex- 
tension line of the slope 122 is provided, the cross-sec- 
tional area of the end portion of the frame member 1 00 
can be made small and the light weight structure can be 
obtained. 

In an embodiment shown in Fig. 13, the abutting 
portion is positioned at an intermediate position be- 
tween the rib 106 and a rib 116b. A distance from the 
vertical face 1 21 to the rib 1 06 of the frame member 1 00 
is substantially same to a distance from the vertical face 
121 to the rib 116b of the frame member 110. The plate 
thickness of the two ribs 106 and 116b are the same. 

An interval L5 between the two ribs 106 and 116b 
is larger than the diameter of the small diameter portion 
21 but is smaller than the diameter D1 of the large di- 
ameter portion 20b. A width (the same toward the width 
direction of the frame member) of the projecting portion 
104 is the same to a width of the projecting portion 114. 

The vertical faces are detected by an optical sensor 
and by positioning the axial center of the rotary body 20 
at the intermediate position between the vertical faces 
121 and 121 the friction stir welding working is carried 
out. As a result, the axial center of the rotary body 20 is 
positioned at the intermediate position between the two 
ribs 106 and 116b. 

Further, the axial center of the rotary body 20 is po- 
sitioned at the intermediate position of the widths of the 
projecting portions 104 and 114. The center of the weld- 
ing bead is positioned at the intermediate position be- 
tween the two ribs 106 and 116. The size and the posi- 
tion of the rotary body 20, and other constructions are 
similarly to the above stated embodiments. 
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With the above construction, since the load during 
the welding working are burdened by the two ribs 106 
and 116b, the ptate thickness of the rib 116b can be 
formed thinner than that of the embodiment shown in 
Fig. 12. As a result, a total value of the plate thickness 
of the two ribs 106 and 116b can be made smaller than 
that of the embodiment shown in Fig. 1 2. As s result, the 
light weight structure can be attained. Further, in the em- 
bodiment shown in Fig. 12 within the two ribs 106 and 
116, since the load burdens concentrically to the rib 116, 
the rib 116 is easily to bend. 

However, in the embodiment shown in Fig. 13, the 
two ribs 106 and 116b receive the substantially same 
load, the bending deformation of the ribs 106 and 116b 
hardly occur. It is preferable to make substantially the 
same the distance from the rib 1 06 and to the axial cent- 
er of the rotary body 20 and the distance from the rib 
1 1 6 to the axial center of the rotary body 20. 

An interval L5 between the two ribs 106 and 116b 
is smaller than the diameter D1 of the large diameter 
portion 20b of the rotary body 20. As a result, the load 
by the large diameter portion 20a is added to the ribs 
1 06 and 1 1 6b and therefore the bend deformation of the 
face sheets 101 and 111 can be made small. 

Under the consideration of the error of the position 
of the rotary body 20, since the width L1 between the 
projecting portions 104 and 114 is made larger than the 
diameter D1 of the large diameter portion 20b (L1 > D1 ). 
Further, the friction stir welding working is finished, the 
welding bead is formed a little large along to the large 
diameter portion 20a and the small diameter portion 21 . 

After that, one face or the both faces of the project- 
ing portions 104 and 114 is cut off along to the face 
sheets 1 01 , 1 1 1 , 1 02 and 1 1 2. To the remaining project- 
ing portions 104 and 114, the welding bead of the large 
diameter portion 20b is left. The size (the diameter) of 
this welding bead is larger than the interval (L5). It can 
say that the center of the welding bead is existed sub- 
stantially at the center of the two ribs 106 and 116b. 

Further, in the frame members 100 and 110 before 
the welding, a distance (= L5/2) from the vertical faces 
121 and 121 to the ribs 106 and 116b is smaller that a 
width (i= L1/2) of the projecting portions 104 and 114. 
The ribs 106 and 116b are existed at another end side 
of the width direction of the frame member from the ver- 
tical faces 121 and 121. 

The diameter D1 of the large diameter portion 20a, 
the size of the welding bead according to the large di- 
ameter portion 20a, the position of the rib 106 and 116b 
stated in the above are existed in a range of the project- 
ing portions 104 and 114 at the width direction of the 
frame members 100 and 110. 

The frame members 100 and 110 have the slanting 
surfaces 1 22, but when the projecting parts 1 1 7 are pro- 
vided, it may be employ the prior art structure shown in 
Fig. 21. 

In an embodiment shown in Fig. 14, in comparison 
with the embodiment shown in Fig. 13, the projecting 



part 117 at the side of the plate face 112 is provided at 
a side of the rib 106. 

In an embodiment shown in Fig. 15, two ribs 106c 
and 1 16c of the joining portion are provided on the frame 
5 member 1 1 0. At an intermediate position of the two ribs 
106c and 116c, the end portions of the face sheets 101, 
102 and 111, 112 of the two frame members 100 and 
1 1 0 are positioned. The two ribs 1 06c and 1 1 6c support 
the load according to the rotary body 20. The rib 106c 
10 and the rib 1 1 6c are connected through a rib 1 1 6d. With 
this construction, the bending of the ribs 106 and 116c 
during the welding working hardly occur. 

The construction of this embodiment has no slant- 
ing surface. The face sheets 1 0. A rear face 1 01 b (1 02b) 
is of the end portion of the face sheet 101 (1 02) is project- 
ed toward a side of another face sheet 102 (101) and 
102 are overlapped on the horizontal faces 122b and a 
thickness of this rear face is thicker than that of the face 
sheet 101 (102). This structure can be applied to other 
embodiments. 

In the above stated embodiments, "the face sheets 
(or the outer faces) being in parallel" indicates to be ar- 
ranged to be substantially in parallel. Further, "orthogo- 
nal to the face sheet" indicates to be arranged to be sub- 
stantially orthogonal to the face sheet. 

In the case of the railway car, the side constructive 
body and the roof constructive body have the circular 
arc shape, and there is a case in which two face sheets 
can not be arranged in parallel. The present invention 
can be adopted to the above structure. Further, the 
present invention can be adopted to a pipe and other 
constructive bodies. 

In a case where an angle of a pair of the vertical 
faces 13 and 121 is not large, they can form V shape 
structure. To compensate the V shape space, it is nec- 
essary to make large the projecting portions 1 4, 1 04 and 
114. As a result, the vertical face is preferable to be the 
substantial vertical face, however it can be inclined a 
little. 

At the connection portion of the vertical face 121 
and the slanting surface 122, a face can be provided in 
parallel against the apex of the projecting portion 104, 
but this face must be small. 

To the one joining portion the two projecting portions 
104 and 114 are provided, however only one projection 
104 (114) can be provided. 

The embodiments shown in from Fig. 11 to Fig. 13 
can be adopted to the two-plane constructive body 
shown in Fig. 8. Further, the friction stir welding shown 
in from Fig. 1 1 to Fig. 1 3 can carried out simultaneously 
both the upper face and the lower face, however it can 
be carried out one side face each. 

An embodiment as to the fourth object will be ex- 
plained referring to Fig. 16 and Fig. 17. Members to be 
subjected the welding, as shown in from Fig. 5 to Fig. 8, 
are members in which both upper face and lower face 
are welded substantially simultaneously, for example, 
they are thick extruded frame members 211 and 211. 
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Abutting faces of the frame members 211 and 211 may 
be a configuration shown in from Fig. 11 to Fig. 15 or a 
configuration shown in Fig. 18 and Fig. 21. The frame 
members 211 and 211 are mounted on bed stands 40 
and 40 and are restricted. 

Further, at end portions of a joining line of the frame 
members 211 and 211 by arranging tabs 221 and 225 
the frame members are restricted. These restriction 
forces are carried out that the frame members are sand- 
wiched by a vise and are pressed against from an upper 
portion through the bed stands 40 and 40 using an ap- 
paratus. The tabs 221 and 225 may be restricted to the 
bed stands 40 and 40 by sandwiching them using a bolt 
which penetrates the bed stands 40 and 40. 

A clearance between the frame members 211, 211 
and the tabs 221 v 225 is made small as possible. The 
frame members 211 and 211 are separated into two but 
the tab 221 and 225 is formed by a single structure. As 
stated in the former embodiment, the bed stands 40 and 
40 are separated into two. 

Both the frame members 211 and 211 and the frame 
member 211 and the tabs 221 and 225 may be welded 
temporally, however in generally it is unnecessary to do 
so. Hereinafter, a case where no temporary welding is 
carried out will be explained. 

The thickness of the tabs 221 and 225 is substan- 
tially the same of the thickness of the frame member 
211. Since the thickness of the frame member 211 is 
thick, each of the tabs 221 and 225 comprises three 
plates, respectively. 

The tab 221 will be explained as a representative 
example. Two plates 223 and 224 are overlapped at an 
upper portion and a lower portion of a thick plate 222. 
The three plates are overlapped before the welding and 
are restricted to the bed stands 40 and 40. The materials 
of the plates 223 and 224 are the same or similarly to 
that of the frame member 211. 

The plate 222 is made of an aluminum alloy or an 
iron system metal. It is preferable to select the aluminum 
alloy plate 222 from an aspect of a transportation. The 
plate 222 may be constituted by a hollow frame member. 

When a depth of the welding bead 30 from the outer 
face of the frame member 211 is expressed by t10, the 
thickness t11 of the plates 223 and 224 is larger than 
the depth t1 0. In this case, the outer face of the tab 221 
has the same face of the outer face of the frame member 
211. In a case where the projecting portion 14(104, 114) 
is provided on the frame member 211 , the outer face of 
the tab 221 is positioned at an apex face of the projecting 
portion 14. 

In a case where the projecting portion 1 4 is provided 
on the frame member 211, the depth t10 is a depth of 
the welding bead before the cutting of the projecting por- 
tion 1 4. The tab 221 and the tab 225 are constituted sim- 
ilarly. 

The plates 222, 223 and 224 are not welded to the 
frame member 211 before the friction stir welding work- 
ing, namely the plates 222, 223 and 224 are not welded 



temporally to the frame member 211 . At least the plate 
222 is not welded to the frame member 211 . 

After the frame members 211,211 and the tabs 221 , 
225 are restricted to the bed stands 40 and 40, the fric- 
5 tion stir welding is carried out. By rotating the rotary body 
20 from the upper portion (in the lower welding, the lower 
portion) of the end portion, the rotary body 20 is inserted 
to the tab 221 and is moved along to a joining line of the 
frame members 211 and 211. 
io An inserting dimension at the tab 221 installation 
position is similarly to that of the inserting dimension at 
the frame members 211 and 211 installation positions. 
After the frame members 211 and 211 are welded, the 
rotary body 20 is drawn out toward the upper portion 
15 (similarly, the lower portion) at the end portion of the tab 
225. 

Next, the restriction of the frame member 211 and 
the tabs 221 and 225 is released, the central thick plate 
222 is removed by hammering. Next, the joining portion 
between the plates 223, 224 of the tab 221 , 225 and the 
frame member 211 is cut off by a grinding working etc. 
and the plates 223 and 224 are removed. 

According to the various experimentation by the in- 
ventors, the start immediately after of the friction stir 
welding it is frequently not to obtain the good welding. 
However, in the above stated embodiment, by arranging 
the tabs 221, after the good welding is obtained, the 
welding of the frame member 211 is carried out, the 
good welding at a beginning end of the frame member 
211 can be obtained. It is sufficient to be about 30 mm 
as the length for carrying out the friction stir welding in 
the tab 211. 

On the other hand, when the rotary body 20 is drawn 
out from the frame member 211 as the member to be 
subjected welding, in the member to be subjected weld- 
ing a hole which corresponds to the small diameter por- 
tion 21 is generated. However, the rotary body 20 is 
drawn out at the position of the tab 225, in the frame 
member 211 as the memberto be subjected welding and 
for forming the manufacturing article no hole generates. 
As a result, it is unnecessary to carry out a mending 
working of the manufacturing article. 

Further, in the friction stir welding, since the metals 
are moved by the rotary body 20, at the start point and 
the finish point of the welding, the thickness of the frame 
member is easily to thin. However, since the welding is 
started at the tab 221 and the welding is finished at the 
tab 225, the welding having the same thickness can be 
obtained extending over a whole length of the frame 
member 211 as the manufacturing article. 

The thickness of the plates 223 and 224 of the outer 
face side of the tabs 221 and 225 is thicker than the 
depth t10 of the welding bead 30. As a result, the central 
plate 222 is not welded. Accordingly, the plate 222 can 
be removed easily. 

Since the plate 222 is removed in advance, the cut- 
ting working of the plates 223 and 224 can be carried 
out easily. Further, since the plate 222 is not performed 



25 



30 



35 



40 



45 



50 



9 



17 



EP 0 893 190 A2 



18 



with the friction stir welding, in a case of a reuse of this 
plate it is unnecessary to carry out the grinding working 
etc.. As a result, the plate 222 can be utilized repeatedly 
easily and the low cost can be attained. Further, the 
plate 222 can be formed with a low cost material. 

Even when the thickness of the plates 223 and 224 
is the same to the depth t10 of the welding bead 30 and 
even when the plate 222 is welded, since a depth of the 
welding bead of the plate 22 is small, the plate 222 can 
be separated easily. 

Further, in addition to the insertion of the rotary body 
20 to the tab 221 is carried out from the upper face of 
the tab 221 , the insertion can performed by moving the 
rotary body 20 directing for the tab 221 from the outer 
side of the left side of the tab 221. Further, in the case 
where the rotary body 20 is drawn out from the tab 225, 
it can performed by moving the rotary body 20 toward 
the outer side from the right side of the tab 225. 

In the case where the one side face welding as 

shown in Fig. 1, the plates 222 and 223 Further, in 

a case where the plates 223 and 224 are welded tem- 
porarily to the frame members 211 and 211 , the restric- 
tion to the bed stand 40 can be made unnecessary. The 
welding position can be set to be the extension line of 
the joining line of the frame members 211 and 211. 

As to the member to be subjected welding, it can 
applied to a member having no slanting surface, a mem- 
ber for welding only one side, a member having a non- 
joining portion because of a thin plate, etc.. Further, the 
friction stir welding can be carried out from a side por- 
tion. 

A technical range of the present invention is not lim- 
ited to the wording described in each claim of what is 
claimed is or the wording described in the items for solv- 
ing problems but will be referred to a range in which an 
ordinary man belonged in this filed can placed easily. 

According to the present invention, in the case 
where the friction stir welding is applied to the welding 
of the members, the good welding can be carried out. 



Claims 

1 . A constructive body characterized in that 

in a joint portion of two members, at a respec- 
tive substantially parallel faces, a welding bead 
for welding said two members is provided; 
at said joint portion, in a non-joining portion 
connecting to said welding bead, a respective 
said two members is slanted against said face 
toward the same direction; 
a respective said slanting surfaces is connect- 
ed to said welding bead or is inclined at a vicin- 
ity of said welding bead; and 
said slanting surface of one of said two mem- 
bers is contacted substantially to said slanting 
surface of another of said two members. 



2. A constructive body according to claim 1 , 
characterized in that 

said slanting surface is connected to said 
welding bead. 

5 

3. A constructive body according to claim 1 , 
characterized in that 

at a position of said welding bead of one of said 
10 faces, said welding bead of another of said fac- 

es is positioned substantially on a line which is 
orthogonal to said face; 
in said joining portion between said welding 
bead and said welding bead, one of said two 
'5 members is projected toward for another of said 

members; 

at each of one of said faces and another of said 
faces in a projecting portion, said slanting sur- 
face is provided; 
20 said another of said two members has a dent 

portion which receives said projecting portion; 
at said dent portion, a respective slanting sur- 
face for connecting to said slanting surface of 
said one of said two members is provided. 

25 

4. A constructive body according to claim 1 , 
characterized in that 

at a position of said welding bead of one of said 
30 faces, said welding bead of another of said fac- 

es is positioned substantially on a line which is 
orthogonal to said face; 
in said non-joining portion between said weld- 
ing bead and said welding bead, one of said 
35 two members is projected toward for another of 

said two members; 

at each of one of said faces and another of said 
faces in a projecting portion, said slanting sur- 
face is provided; 

in said non-joining portion, an end portion at a 
side of said another face of said another of said 
two members is projected toward for said one 
of said two members; 

said slanting surface is provided at a side of 
<s said another face of said projecting portion; 

each of said two members has a dent portion 
for receiving said respective projecting portion; 
at said dent portion, a respective slanting sur- 
face for connecting to said slanting surface of 
50 said two members is provided. 

5. A constructive body characterized in that 

in a joint portion of two members, a welding 
55 bead for welding said two members is provided 

on one face and another face; 
in said joint portion, an end portion of one of 
said two members is projected toward for an- 
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other of said two members; 

a projecting portion is entered to a dent portion 

of said another of said two members; 

said projecting portion is slanted to be narrow 

as going to a tip end; and 

said dent portion of said another of said two 

members is contacted or is approached to said 

slanting surface. 

6. A member characterized in that 

at least one end portion of a member has two 

vertical faces and two slanting surfaces; 

a respective said two vertical faces is extended 

over from a respective substantially parallel two 

outer faces of said member and is orthogonal 

substantially to said outer face; 

a respective said slanting surfaces is slanted 

against a respective two vertical faces; 

one of said slanting surfaces is extended from 

one of said two vertical faces toward for a side 

of said outer face; and 

another of said slanting surfaces is extended 
from another of said two vertical faces toward 
for said side of said outer face. 

7. A member according to claim 6, characterized in 
that 

in an extension line of said vertical face at one 
of said outer face side, said vertical face of an- 
other of said outer face side is provided; and 
said two slanting surfaces have a different di- 
rection each other. 

8. A member according to claim 7, characterized in 
that 

a respective said slanting surface between 
said two vertical faces is projected toward an out- 
side of said member from said vertical face. 

9. A member according to claim 7, characterized in 
that 

a respective said slanting surface between 
said two vertical faces is provided at an inner side 
of said member from said vertical face. 



is arranged substantially; 
said vertical face is provided on said end por- 
tion of said respective face sheet and is extend- 
ed from said one face sheet to said another face 
sheet and further is orthogonal substantially to 
said respective face sheet; 
said slanting surface is inclined against said re- 
spective vertical faces; 

one of said slanting surfaces is extended from 
said vertical face toward for said another face 
sheet side; 

another of said slanting surfaces is extended 
from said vertical face toward for said one face 
sheet side; and 

said respective slanting surface is projected to 
an outer portion of a width direction of said ex- 
truded frame member from said vertical face. 

11. In an extruded frame member having substantially 
parallel two face sheets and a rib for connecting 
said two face sheets, the extruded frame member 
characterized in that 

on at least one of end portions of said extruded 
frame member, two vertical faces and two slant- 
ing surfaces are provided; 
on an extension line of said vertical face of one 
of sides of said face sheet, said vertical face of 
another said sides of said face sheet is ar- 
ranged substantially; 

said respective vertical face is provided on said 
end portion of said respective face sheet and 
is extended from said one face sheet to said 
another face sheet and further is orthogonal 
substantially to said respective face sheet; 
said respective said slanting surface is inclined 
against said respective vertical face; 
one of said slanting surfaces is extended from 
said vertical face toward for said another face 
sheet side; 

another of said slanting surfaces is extended 
from said vertical face toward for said one face 
sheet side; and 

said respective slanting surface is positioned at 
an inner side of said extruded frame member 
from said vertical face. 
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10. In an extruded frame member having substantially 
parallel two face sheets and a rib for connecting 
said two face'sheets, the extruded frame member 
characterized in that 

on at least one of end portions of said extruded 
frame member, two vertical faces and two slant- 
ing surfaces are provided; 
on an extension line of said vertical face of one 
of sides of said face sheet side, said vertical 
face of another of said sides of said face sheet 



12. An extruded frame member according to claim 11 , 
characterized in that 

50 at said end portion, said rib is connected to 

said respective slanting surface. 

13. An extruded frame member according to claim 11 , 
characterized in that 

55 a connecting face between said slanting sur- 

face and said rib is dented from said extension line 
of said slanting surface. 
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14. An extruded frame member according to claim 11 , 
characterized in that 

said respective face sheet has a projecting por- 
tion which is connected to said respective ver- s 
tical face; and 

said projecting portion is projected to an outer 
portion of a thickness direction of said extruded 
frame mqmber. 

10 

15. In an extruded frame member having substantially 
parallel two face sheets and a rib for connecting 
said two face sheets, the extruded frame member 
characterized in that 

75 

on at least one of end portions of said extruded 
frame member, two vertical faces and two slant- 
ing surfaces are provided; 
on an extension line of said vertical face of one 
of a face sheet side, said vertical face of anoth- 20 
er of said face sheet side is arranged substan- 
tially; 

said vertical face is positioned at a position of 
an outer portion of a width direction of said ex- 
truded frame member from said rib and is pro- 25 
vided on said end portion of said respective 
face sheet and is extended from said one face 
sheet to said another face sheet and further is 
orthogonal substantially to said respective face 
sheet; 30 
said slanting surface is inclined against said re- 
spective vertical face; 

said two slanting surfaces are arranged sub- 
stantially in parallel; 

one of said slanting surface is extended from 35 
one of said vertical faces toward for another of 
said face sheets and further is projected toward 
an outer portion of a width direction of said ex- 
truded frame member from said one vertical 
face; and 40 
said another slanting surface is extended from 
said another vertical face toward for said one 
face sheet and further is projected toward an- 
other end portion of the width direction of said 
extruded frame member from said another ver- 45 
tical face. 

16. An extruded frame member according to claim 15, 
characterized in that 

a connecting face between said another slant- 
ing surface and said rib is dented from said exten- 
sion line of said slanting surface. 

17. A friction stir welding method, characterized by 



which said slanting surfaces are contacted 
each other or are approached; and 
carrying out a friction stir welding at a side of 
said end portion sides of said slanting surface 
from outer sides of said first member and said 
second member. 

1 8. A friction stir welding method according to claim 1 7, 
characterized by 

at a lower portion of said outer face in which the 
friction stir welding is carried out, by positioning 
said slanting surface; and 
from an upper portion of said outer face, carry- 
ing out a friction stir welding. 

19. A friction stir welding method characterized by 

abutting to contact each other or to approach 
two slanting surfaces which are provided in a 
dent portion of an end portion of a first member 
and two slanting surfaces which are provided 
in a projecting portion of an end portion of a sec- 
ond member; and 

carrying out a friction stir welding from an outer 
face side to said outer face side remote sub- 
stantially from said slanting surface. 

20. A friction stir welding method, characterized by 

abutting a dent portion of an end portion of a 
first member and two slanting surfaces which 
are provided in a projecting portion in an end 
portion of a second member; and 
carrying out a friction stir welding from an outer 
face side to said outer face side remote sub- 
stantially from said slanting surface. 

21. A friction stir welding method, characterized by 

abutting an end portion of a first member having 
two face sheets and a rib for connecting said 
two face sheets and an end portion of a second 
member having two face sheets and a rib for 
connecting said two face sheets; 
in an above case, providing a space between 
said rib of said end portion of said first member 
and said rib of said end portion of said second 
member; 

at an above condition, carrying out a friction stir 
welding by inserting a rotary body in said abut- 
ting portion; and 

carrying out the friction stir welding by making 
substantially the same a distance from said rib 
of said end portion of said first member to an 
axial center of said rotary body and a distance 
from said rib of said end portion of said second 
member to said axial center of said rotary body. 



abutting a slanting surface of an end portion of 
a first member and a slanting surface of an end 
portion of a second member in such manner in 
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22. A friction stir welding method characterized by 

abutting an end portion of a first member having 
two face sheets and a rib for connecting said 
two face sheets and an end portion of a second 
member having two face sheets and a rib for 
connecting said two face sheets; 
in an above case, providing a space between 
said rib of said end portion of said first member 
and said rib of said end portion of said second 
member; and 

at an above condition, carrying out a friction stir 
welding by inserting to said end portion a rotary 
body which has a larger diameter than an inter- 
val formed between said rib of said end portion 
of said first member and said rib of said end 
portion of said second member. 



said rib of said second member; 
at least one of a side of said face sheet of said 
first member at a vicinity of said welding bead 
or said second member has a projecting portion 
which is projected to an outer portion in a thick- 
ness direction of said first member or said sec- 
ond member; and 

in a range of said projecting portion in a width 
direction of said first member or said second 
member, said rib of said first member and said 
rib of said member are provided. 

26. In a constructive body comprising a first member 
having two face sheets and a rib for connecting said 
two face sheets, and a second member having two 
face sheets and a rib for connecting said two face 
sheets, 
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23. A friction stir welding method according to claim 22, 
characterized by 

carrying out the friction stir welding by making 
substantially the same a distance from said rib of 
said end portion of said first member to an axial 
center of said rotary body and a distance from said 
rib of said end portion of said second member to 
said axial center of said rotary body. 

24. In a constructive body comprising a first member 
having two face sheets and a rib for connecting said 
two face sheets and a second member having two 
face sheets and a rib for connecting said two face 
sheets, 

the constructive body characterized in that, 
said two face sheets of said first member and 
said two face sheets of said second member 
are welded by a welding bead; 
a space is provided between said rib of said first 
member at a vicinity of said welding bead and 
said rib of said second member; and 
a distance from said rib of an end portion of said 
first member to a center of said welding bead 
and a distance from said rib of an end portion 
of said second member to said center of said 
welding bead are substantially the same. 

25. In a constructive body comprising a first member 
having two face sheets and a rib for connecting said 
two face sheets and a second member having two 
face sheets and a rib for connecting said two face 
sheets, 

the constructive body characterized in that, 
said two face sheets of said first member and 
said two face sheets of said second member 
are welded by a welding bead; 
a space is provided between said rib of said first 
member at a vicinity of said welding bead and 



the constructive body characterized in that, 
said two face sheets of said first member and 
said two face sheets of said second member 
are welded by a welding bead; 
a space is provided between said rib of said first 
member at a vicinity of said welding bead and 
said rib of said second member; and 
in a range of said welding bead in a width di- 
rection of said first member or said second 
member, said rib of said first member and said 
rib of said second member are provided. 

27. In a member having two face sheets and a rib for 
connecting said two face sheets, the member 
characterized in that 

a respective face sheet of at least one of end 
portions of said member has a projecting por- 
tion which is projected to an outer portion in a 
thickness direction of said member; 
said rib of an end portion is positioned at an in- 
ner side in a width direction of said member 
from an end portion of said projecting portion; 
and 

said rib is positioned at a range of said project- 
ing portion in the width direction. 

28. A friction stir welding method characterized in that 

abutting a second member to an end portion of 
a first member having two face sheets and two 
ribs for connecting said two face sheets; 
in an abutting process, positioning an end por- 
tion of said second member between said two 
ribs; and 

carrying out a friction stir welding said abutting 
portion. 

29. A friction stir welding method according to claim 28, 
characterized by 
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making substantially the same a distance 
from a center of a rotary body as a friction stir weld- 
ing use tool to one of said two ribs and a distance 
from said center of said rotary body and another of 
said two ribs. 

30. A friction stir welding method according to claim 28, 
characterized by 

making a diameter of said rotary body as the 
friction stir welding use tool which is inserted to said 
abutting portion larger than an interval of said two 
ribs. 

31. In a constructive body comprising a first member 
having two face sheets and a rib for connecting said 
two face sheets and two second members which 
are welded respectively to said two face sheets 
through a welding bead, the constructive body is 
characterized in that 

a center of said welding bead is positioned be- 
tween said two ribs. 

32. In a member comprising two face sheets and a rib 
for connecting said two face sheets, the member is 
characterized in that 

two ribs are provided on an end portion of said 
member; 

between said two ribs an end portion of said 
respective face sheets is arranged; and 
between said end portion of said face sheet and 
said rib of said end portion, said end portion of 
said face sheet is drawn back to a side of an- 
other of said face sheets. 

33. In a welding method of two members by a friction 
stir welding, the friction stir welding method 
characterized by 

arranging a tab at least one of a beginning end 
and a finish end of a joining line of said two 
members; 

when said tab is positioned at said beginning 
end, starting the friction stir welding from said 
beginning end position of said tab; and 
when said tab is positioned at said finish end, 
starting the friction stir welding from said finish 
end position of said tab. 

34. In a friction stir welding method according to claim 
33, 

arranging respectively said tubs at said begin- 
ning end and said finish end; 
starting the friction stir welding from said tab at 
said beginning end position; and 
finishing the friction stir welding in said tab at 
said finish end position. 



35. A friction stir welding method according to claim 33, 
characterized by 

making a thickness of said member thicker than 
5 a depth of a welding bead according to the fric- 

tion stir welding; 

comprising said tab a first plate and a second 
plate; 

making a thickness of said first plate substan- 
10 tially the same or thicker than a depth of said 

welding bead; 

making a thickness of said second plate to have 
a thickness which is one subtracted from said 
thickness of said member to said thickness of 
said first plate; 

with a condition in which said first plate and said 
second plate are overlapped in a thickness di- 
rection, arranging said tab to position the first 
plate at a side where the friction stir welding is 
20 carried out and to position said second plate at 

a side where the friction stir welding is not car- 
ried out; and 

after that carrying out the friction stir welding. 

25 36. A friction stir welding method according to claim 35, 
characterized by 

making said thickness of said first plate thick- 
er than said depth of said welding bead. 

30 37. a friction stir welding method according to claim 35, 
characterized by 

mounting said member and said tab on a bed 
stand; 

35 restricting said member and said tab on said 

bed stand, without a welding of said second 
plate of said tub to said member; 
after a relief of the friction stir welding and said 
restriction, removing said second plate; and 
to after that, cutting off said joining portion of said 

first plate and said member. 

38. A friction stir welding method according to claim 35, 
characterized by 

45 

carrying out respectively the friction stir welding 
to a side of one face of said member and a side 
of another face substantially parallel to said one 
face side; 

50 carrying out the friction stir welding to have a 

no friction stir welding portion between said 
welding bead at said one face side of the friction 
stir welding and said welding bead at said an- 
other face side of the friction stir welding; 
55 comprising said tab a first plate, a second plate, 

and a third plate; 

making a thickness of said first plate substan- 
tially the same or thicker than said depth of said 
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welding bead at said one face side; 
making a thickness of said second plate sub- 
stantially the same or thicker than a depth of 
said welding bead at said another face side; 
making a thickness of said third plate to have a 
thickness which is one subtracted from said 
thickness of said member to said thickness of 
said first plate and said second plate; 
by intervening said third plate between said first 
plate and said second plate, by overlapping 
said first plate, said second plate, and said third 
plate in a thickness direction, by positioning 
said first plate at said one face side and further 
by positioning said second plate at said another 
face side, arranging said first plate, said second 
plate, and said third plate as said tab; 
after that, carrying out the friction stir welding. 

39. A friction stir welding method according to claim 38, 
characterized by 

making said thickness of said first plate and 
said second plate thicker than said depth of said 
welding bead. 

40. A friction stir welding method according to claim 38, 
characterized by 

mounting said member and said tab on said 
bed stand; 

restricting said member and said tab on said 
bed stand, without a welding of said third plate 
of said tub to said member; 
after a relief of the friction stir welding and said 
restriction, removing said third plate; and 
after that, cutting off said joining portion of said 
first plate, said second plate and said member. 

41 . A friction stir welding method according to claim 33, 
characterized by 

with a condition where said tab is mounted on 
said bed stand for mounting said member, carrying 
out the friction stir welding. 

42. A friction stir welding method according to claim 33, 
characterized by 

mounting said member and said tab on said 
bed stand; 

restricting said member and said tab to said bed 
stand; and 

after that, carrying out the friction stir welding. 

43. A friction stir welding method according to claim 33, 
characterized by 

mounting said member and said tab on said 
bed stand; 

restricting said member and said tab to said bed 



stand, without a welding of said member and 
said tub; and 

after that, carrying out the friction stir welding. 
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